The elastic and total (energy-integrated) structure factors for glassy selenium have been measured by means of neutron spectroscopy within the temperature range 15 K& T & 310 K. The correlated nature of the atomic vibrations gives rise to marked features in the total (energy-integrated) inelastic structure factors defined as the difference between the total and elastic intensities. Also, both structure factors show rather distinct dependences with temperature, which are discussed in some detail.
I. INTRODUCTION
The microscopic, space-dependent motions of a substantial number of glassy materials have been investigated by means of experimental probes such as neutron scattering (for a relatively recent appraisal see Ref. 1), alongside with theoretical or computer simulation approaches.
However, and leaving aside the pioneering work performed on monoatomic (metallic binary) glasses or those regarding archetypal glasses formed by well-de6ned structural units, such as amorphous silica and oxide glasses (see, for instance, Ref. 4), most of the reported studies have focused on the study of relatively high-energy excitations (bond stretching and bendingss), aiming to contrast the results of theoretical calculations cast in terms of the normal modes of small atomic clusters.
The purpose of the present work is to present recent results regarding vitreous Se, one of the most widely studied topologically disordered glasses, using for the purpose measurements of the elastic (zero-energy transfer) and total structure factor, carried out under conditions that make amenable a detailed study (with high statistical accuracy) of the neutron-scattering cross sections (integrated in energy) of those excitations responsible for the well-documented anomalies regarding thermal (the C/T bump in the specific heat at T = 6 K) and transport (the plateau in the heat conductivity) properties. Contrary to previous studies, where the interest was centered on the detailed study of the generalized (density of states) and wave-vector-dependent (dynamic structure factors) frequency spectra, our aim here is to investigate the Q dependence of magnitudes, which can be accessed &om experimental means with relative ease, thus enabling a detailed study of the wave-vector and temperature dependences of the spectra. Although detailed information regarding the time-dependent atomic dynamics cannot be derived &om the kind of measurements presented here, they provide valuable information regarding the dependence with both momentum transfers and temperature of the ratios of the elastic to the total intensity as well as of the total inelastic intensity. As will be shown below, the analysis of such quantities in terms of microscopic dynamical models will serve to infer the highly correlated nature of the atomic dynamics at length scales several times larger than that characteristic of the self-atomic (single-particle) motion.
II. EXPERIMENTAL AND CALCULATION DETAILS A. Experiments
The measurements were carried out using the TAS7 cold triple-axis instrument located at one of the cold (curved) neutron guides of the DR3 reactor at the Risoe National Laboratory, Roskilde (Denmark), which enables us to perform measurements &ee of contamination &om higher harmonics, as attested &om the spectra of the empty cell. An incident neutron energy Eo --1.956 THE was selected, and the spectrometer was set up using col- 1. ' The total (&equency-integrated) inelastic intensity, which is also experimentally accessible, finally provides a direct access to the inelastic structure factors, since
The measurement of the energy-integrated inelastic intensity thus constitutes an excellent test to investigate the wave-vector dependence of the correlation effects, specially if workable models to perform the averages on the E(q) structure factors are brought forward.
To investigate the temperature dependence of both structure factors and gain some physical insight, it is convenient, for calculation purposes, to replace the exponential in Eq. (3) (14) The contributions &om the first terms in the s»limation can be readily evaluated as
The structure factors analyzed in this contribution correspond to the first most intense peak of the diKraction pattern of glassy Se. A closer look to the graphs displayed in Fig. 1 In what follows, and in order to describe more accurately the present findings it seems convenient to divide the results into those regarding the wave-vector dependence of the intensities at fixed temperatures and the dependences with temperature at fixed wave vectors.
As pointed out in the preceding section, the experimental quantities to be analyzed are f(Q), the ratio of elastic to total energy-integrated) intensities, the difference S(Q) -S&o (Q), as well as some related magnitudes.
In particular, the quantity f, (Q) Por such a purpose, we have made use of the Z(u), structure factor and C p(q, w) as calculated &om molecular dynamics (MD) simulations, r and a comparison between experimental and calculated quantities is given in Fig. 4 . As can be seen &om Fig. 4(a) , which regards low-temperature data enabling the use the one-phoaon approximation on a safe ground, a poor agreement is found, even if the mode wave vectors q p are calculated from the average dispersion &equencies uo(Q) and u&(Q) (i.e., the first normalized even frequency moments of the scattering law, see Ref. 7 for additioaal details), and their associated polarizations (phonon streagths) derived &om previous work are used as input to model the correlation function. On the other hand, some additional structure seems to be related to excitations of a single selenium chain as shown in curve (c) of the figure, where the excitation &equency and polarization factors were taken from a previous calculation.
However, the higher-&equency oscillation appearing in the experimental pattern cannot be reproduced using as input the above referred excitations. Since the lowestlying excitations of our system seem to be related to torsional libratioas about the chain boads (the associated libration &equency is of about 1.5 THz), we have modeled the inelastic form factor of a four-atom segment using the geometric and force-constant data given in a previous comxnunicatioa, 22 and following the same approach employed for the approximation of the inelastic structure factors.~Assuming that, due to the relatively low temperature the torsional motion can be decoupled 0.15 (22) - (28) of Ref. 11, and the calculated result is shown in the inset of Fig The structure factors extrapolated to T = 0 K are shown in Fig. 6(b From the data presented in this paper it can be inferred that analogous phenomena should be apparent at least in covalent glasses, and, as a matter of fact, the picture that emerges regarding the motions as strongly collective in nature, involving up to 5 -7 structural units (a single Se atom in this case) has a well established correlate in the well doc»mented case of vitreous silica,
